Abstract-In this paper, a design of a modified Internal Model Control for an unstable plant with an integrator in continuous-time system is proposed. The system becomes a stable system by stabilizing an unstable plant and it does not cause a steady-state error by an input side disturbance for an unstable plant with an integrator. We describe details of the proposed method including a design of stabilizing an unstable plant, a design of a disturbance compensator, and a design of whole system. In the simulation study, these simulation results are shown that the proposed method has a superior performance. The nominal plant and the plant with a modeling error can be stabilized and the proposed method can reduce influence by in an input side disturbance of an unstable plant.
I. INTRODUCTION
Internal Model Control (IMC) [1] - [5] and Smith Predictor [6] - [7] are known as effective methods to control a plant. However, a system causes a steady-state error by an input side disturbance for a plant with an integrator. Astrom et al. [8] proposed new Smith predictor with a superior performance. However, this method has a problem that parameter adjustments are complicated. Authors [9] proposed the discrete modified Internal Model Control. This method does not cause a steady-state error by an input side disturbance for a plant with an integrator.
Besides, Internal Model Control and Smith Predictor cannot control an unstable plant. Therefore, the whole system is not stabilized for an unstable plant. For this problem, Yamada [10] proposed Modified Internal Model Control. This method stabilizes an unstable plant and becomes a stable system. However, this method causes a steady-state error by an input side disturbance for an unstable plant with an integrator.
From the above problems, in this paper, we propose the modified Internal Model Control for an unstable plant with an integrator in continuous-time system. This proposed method stabilizes an unstable system, and introduced disturbance compensator does not cause a steady-state error by an input side disturbance for an unstable plant with an integrator. 
II. INTERNAL MODEL CONTROL (IMC)
IMC is the effective method to control a plant. However, when a plant is an unstable plant, a system is not a stable system. And if an integral plant has an input side disturbance, it causes a steady-state error. Therefore, we propose a method to solve these problems. From the next section, it describes the detail of the proposed method.
III. PROPOSED METHOD
In this section, we describe the proposed method which stabilizes an unstable system and does not cause a steady-state error by an input side disturbance for a plant with an integrator. Fig.2 The design method of G(s) is as follows.
G(s) becomes the stable system if bk >a. Then, we design 1+G m (s)K(s)/G un (s) which is designed by Yamada's method [10] as shown in Eq. 6. However, this equation is not proper. 
This is the model following control system. On the other hand, the disturbance response is written as follows
To eliminate the influence of an input side disturbance, we solve the following equations. The plant model has a modeling error: +50%   In this paper, we have proposed a Modified Internal Model Control for an unstable plant with an integrator in continuous-time system. From simulation studies, it is shown that the proposed method has a superior performance. The nominal plant and the plant with a modeling error can be stabilized and the proposed method can reduce influence by an input side disturbance of an unstable plant.
